Study design: Randomized-controlled trials (RCTs), prospective cohort, case-control, pre-post studies, and case reports that assessed pharmacological and non-pharmacological intervention for the management of the neurogenic bowel after spinal cord injury (SCI) were included. Objective: To systematically review the evidence for the management of neurogenic bowel in individuals with SCI. Setting: Literature searches were conducted for relevant articles, as well as practice guidelines, using numerous electronic databases. Manual searches of retrieved articles from 1950 to July 2009 were also conducted to identify literature. Methods: Two independent reviewers evaluated each study's quality, using Physiotherapy Evidence Database scale for RCTs and Downs and Black scale for all other studies. The results were tabulated and levels of evidence assigned. Results: A total of 2956 studies were found as a result of the literature search. On review of the titles and abstracts, 57 studies met the inclusion criteria. Multifaceted programs are the first approach to neurogenic bowel and are supported by lower levels of evidence. Of the non-pharmacological (conservative and non-surgical) interventions, transanal irrigation is a promising treatment to reduce constipation and fecal incontinence. When conservative management is not effective, pharmacological interventions (for example prokinetic agents) are supported by strong evidence for the treatment of chronic constipation. When conservative and pharmacological treatments are not effective, surgical interventions may be considered and are supported by lower levels of evidence in reducing complications. Conclusions: Often, more than one procedure is necessary to develop an effective bowel routine. Evidence is low for non-pharmacological approaches and high for pharmacological interventions.
Introduction
Neurogenic bowel is a colonic dysfunction resulting from a lack of central nervous control (see Figure 1 for a schematic diagram of the gastrointestinal (GI) tract). It is a syndrome commonly observed in individuals with spinal cord injury (SCI). Lynch et al.
1 assessed surveys from 467 persons with SCI and 668 age and gender-matched controls. They reported that quality of life was affected by fecal incontinence in 62% of SCI respondents compared with 8% of controls. People with SCI suffered from greater extents of fecal urgency and required more time for bowel management. Coggrave et al. 2 assessed surveys from over a thousand individuals over a year post-SCI and reported the presence of constipation (39% of sample), hemorrhoids (36%), and abdominal distension (31%). Neurogenic bowel dysfunction is a major physical and psychological problem for persons with SCI, as changes in bowel motility, sphincter control, coupled with impaired mobility and hand dexterity result to make bowel management a major life-limiting problem. As bowel dysfunction after SCI is a major source of morbidity, 3, 4 it is not surprising that improving bowel function alone or bladder/bowel functions is rated among the highest priorities among individuals with SCI. 5, 6 There are two distinct patterns in the clinical presentation of bowel dysfunction: injury above the conus medullaris results in upper motor neuron bowel syndrome and injury at the conus medullaris and cauda equine results in lower motor neuron bowel syndrome. 7, 8 The upper motor neuron bowel syndrome, or hyperreflexic bowel, is characterized by increased colonic wall and anal tones. Voluntary (cortical) control of the external anal sphincter is disrupted and the sphincter remains tight, thereby promoting retention of stool. The nerve connections between the spinal cord and the colon remain intact, and therefore, there is preserved reflex coordination and stool propulsion. The upper motor neuron bowel syndrome is typically associated with constipation and fecal retention at least in part because of external anal sphincter activity. 7 Stool evacuation in these individuals occurs by means of reflex activity caused by a stimulus introduced into the rectum, such as an irritant suppository or digital stimulation. Lower motor neuron bowel syndrome, or areflexic bowel, is characterized by the loss of centrally mediated (spinal cord) peristalsis and slow stool propulsion. Lower motor neuron bowel syndrome is commonly associated with constipation and a significant risk of incontinence because of the atonic external anal sphincter and lack of control over the levator ani muscle that causes the lumen of the rectum to open. Completeness of injury also has a significant impact on bowel function in individuals with SCI. Those with an incomplete injury may retain the sensation of rectal fullness and ability to evacuate bowels, so no specific bowel program may be required; however, the pathophysiologic mechanisms of fecal incontinence and constipation in subjects with incomplete SCI are similar to subjects with complete SCI and preserved spinal sacral reflexes. 9 Further, individual variations in bowel routing before SCI and preexisting conditions may also influence the pattern of bowel evacuation post-injury. Careful evaluation and individual approaches are, therefore, important for accurate diagnoses and prescription of treatments for bowel management after SCI. Successful bowel management is multidimensional, and as such, treatments may be multifaceted, whereas others have focused on isolated strategies, such as dietary, pharmacological, electrical stimulation, and surgery. A systematic review of the evidence underlying bowel management has not been presented earlier. The Consortium for Spinal Cord Medicine 10 provided guidelines for neurogenic bowel based on evidence and best practice, although they are now over a decade old. The following systematic review was, therefore, undertaken to evaluate the evidence that supports the efficacy and effectiveness of the various strategies used to manage neurogenic bowel complications. These findings are part of the Spinal Cord Injury Rehabilitation Evidence project, 11 available at www.scireproject.com.
Materials and methods
A key word literature search of articles, practice guidelines, and review articles was conducted to identify literature, published between 1950 and July 2009, evaluating treatments and therapies for neurogenic bowel in SCI populations. The key words of SCI, paraplegia, and tetraplegia were combined with neurogenic bowel, bowel management, incontinence, constipation, irregular, hemorrhoids, as well as treatment-specific terms, such as cisapride, colonic, colostomy, dietary fiber, laxative, and suppositories. Studies with SCI subjects as part of a mixed population sample were excluded if the results did not provide information specific to SCI. All abstracts were reviewed by both a physiatrist and registered nurse with expertise in bowel and bladder management. For those studies deemed eligible for inclusion, their quality was then assessed by two trained independent reviewers, through the use of one of two assessment tools. Randomized-controlled trials (RCT) were evaluated with the Physiotherapy Evidence Database (PEDro). 12 PEDro is a 10-point score, which assesses internal validity of a study, with higher scores indicating better methodological quality (9-10: excellent; 6-8: good; 4-5: fair; o4: poor). 13 A modified version of the Downs and Black evaluation tool was used to assess non-randomized studies. Scores on the modified Downs and Black tool range from 0 to 28, with higher scores also indicating a higher-quality study. 14 Conflicting assessments were resolved through discussion with a third reviewer. 
Results
As a result of the literature searches through the electronic databases, 2956 articles were found that met the search criteria. After eliminating duplicates and then reviewing the titles and abstracts, a total of 57 studies evaluating neurogenic bowel management strategies met the inclusion criteria. Management strategies evaluated in this review are either of non-pharmacological (conservative and non-surgical), pharmacological, or surgical in nature. Twenty-five studies assessed non-pharmacological conservative management strategies, including multifaceted programs (three studies), suppositories (five studies), dietary fiber (one study), reflex stimulation (one study), abdominal massage (one study), assistive devices (two studies), irrigation techniques (six studies), and functional electrical stimulation of skeletal muscles (six studies). Ten studies evaluated pharmacological treatment strategies, and 22 studies on surgical interventions, including implantation of electrical stimulation systems (nine studies), colostomy (nine studies), and the Malone procedure (four studies).
The following are the results for each type of management strategy.
Non-pharmacological (conservative and non-surgical) Multifaceted programs. There are several factors that may influence bowel function, including diet, fluid consumption, and routine bowel evacuations. Multifaceted programs target more than one factor in an attempt to reduce colonic transit time as well as decrease the incidences of difficult evacuations. Improving the movement of stool through the GI tract is the most important part of any bowel management protocol after SCI. An array of interventions, as components of a bowel routine, are recommended for the management of neurogenic bowel after SCI. These include dietary recommendations, anorectal/perianal stimulation, timing the performance of the bowel routine with food intake (thus taking advantage of gastrocolonic and rectocolonic reflexes), and a variety of pharmacological agents. Unfortunately, only a limited number of studies evaluated the effects of different protocols on bowel function after SCI.
There is Level 4 evidence (from three pre-post studies; aggregate N ¼ 65) [16] [17] [18] that multifaceted bowel management programs reduce GI transit time, incidences of difficult evaluations, and duration of time required for bowel management ( recently modified the bowel management program originally proposed by Badiali et al. 16 by including an additional step of manual evacuation and found a significant decrease in the number of bowel movement episodes requiring laxatives (from 62.8 to 23.1%). These authors also reported a significant decrease in the mean duration of bowel management episodes with the introduction of this protocol. As all three studies incorporated several factors into the bowel management programs including diet, fluid consumption, and routine bowel practice, it is not possible to determine the key factor.
Use of suppositories. The use of chemical rectal agents (suppositories) is a common and often necessary component of a successful bowel management program. Bisacodyl (dulcolax) and glycerin are the most common active ingredients in these suppositories. Five studies (aggregate N ¼ 69) [19] [20] [21] [22] [23] examined the effect of suppositories on bowel management in SCI including one RCT and two controlled trials, which were not randomized ( Table 2 ). There is Level 1 evidence (from one good-quality RCT, however, with few subjects), 19 in addition to lower levels of evidence, [20] [21] [22] to support polyethylene glycol-based suppositories for bowel management. These suppositories resulted in a clinically significant decrease in the amount of nursing time for persons requiring assistance and less time to perform bowel care for the independent individual. The total bowel care time with the polyethylene glycol-based suppository is significantly less compared with hydrogenated vegetable oil-based bisacodyl suppositories.
21-23
Dietary fiber. There is Level 4 evidence (from one case series; N ¼ 11) 24 that high fiber diets may cause colonic transit time to increase, rather than decrease ( Table 3 ). The results of the one case series suggest that increasing dietary fiber in SCI patients does not have the same effect on bowel function as has been shown earlier in individuals with normalfunctioning bowels. The effect may actually be the opposite of the desired result. 24 Therefore, adding more fiber alone does not improve bowel function. Abdominal massage. There is Level 4 evidence (from one pre-post study; N ¼ 24) that abdominal massage significantly shortened total colonic transit time, reduced abdominal distension, and increased frequency of bowel movements per week (Table 5) . 26 Ayas et al. Assistive devices. Assistive devices have been evaluated as means to improve bowel evacuation in individuals with SCI. These include a standing table and a modified toilet seat (two studies, aggregate N ¼ 21) (Table 6 ). There is Level 5 evidence (from one case report with one subject) that a standing table alleviates constipation in individuals with SCI. 27 Hoenig et al. 27 reported the case of an individual with SCI who, through the use of a standing table, doubled the frequency of his bowel movements and reduced time spent on bowel care. There is Level 4 evidence (from one post-test study) that a washing toilet seat with visual feedback can reduce time spent on bowel care. 28 Uchikawa et al. 28 developed a new procedure to induce bowel movements using a toilet set equipped with an electronic bidet that provides water flow to (Table 7) . [29] [30] [31] [32] [33] [34] There is Level 4 evidence (from one case-series study evaluating 31 persons with SCI) that supports using pulsed water irrigation (intermittent rapid pulses) to remove stool in individuals with SCI. 29 There is also Level 1 evidence (from one large good-quality multisite RCT with 87 subjects), 30 Level 4 evidence (from two pre-post study evaluating 55 and 32 persons with SCI), 31, 32 and Level 5 evidence
(from an observational study) 33 that support the use of the transanal irrigation systems. In the RCT, the Peristeen Anal Irrigation system (Coloplast A/S, Kokkedal, Denmark) showed reduced frequency of lower urinary traction, improved fecal continence, and reduced constipation after 10 weeks of use when compared with the conservative bowel treatment (Paralyzed Veterans of America Clinical Practice Guidelines for Bowel Management). 30 Positive responses were greatest in the more severely impaired participants who used a wheelchair or were confined to bed (versus ambulatory participants). Findings were similar after 10 and 3 weeks of use in the two pre-post studies. 31, 32 In the Del Popolo et al. 32 study, 9 out of 32 study subjects also either reduced or eliminated their use of pharmaceuticals. In the observational study, Faaborg et al. 33 found 98 of the 211 patients had successful outcomes after a mean follow-up of 19 months, and 74 patients were successfully using irrigation techniques after 3 years. In this study, successful outcomes were defined as irrigation still being used during follow-up, patients who used irrigation until they died, and patients whose symptoms had resolved while using irrigation techniques. Finally, there is Level 4 evidence (from one retrospective review) that the Enema Continence Catheter can be used to treat the neurogenic bowel with improved fecal continence and improved quality of life 34 (see Figure 2 for a diagram of the ECC).
Functional electrical and magnetic stimulation of skeletal muscles. Six studies (aggregate N ¼ 74) evaluated electrical or magnetic stimulation on skeletal muscles as a modality to improve colonic transit time in SCI with one study being an RCT (Table 8) . [35] [36] [37] [38] [39] [40] There is Level 1 evidence (from one good-quality RCT, however, with few subjects) that external electrical stimulation of the abdominal wall muscles can improve bowel management for individuals with tetraplegia. 35 They used an overnight abdominal belt with embedded electrodes to provide the stimulus. Level 2 evidence also exists (from a prospective-controlled trial), in which 25 min of electrical simulation of the abdominal muscles per day, 5 days a week, for 8 weeks, resulted in accelerated colonic transit times when compared with the placebo-control group. 36 There is supporting lower evidence as Lin et al. 37, 38 showed that the use of external abdominal functional magnetic stimulation reduced colonic transit time in individuals with SCI. There is Level 4 evidence (from one pre-post study with two subjects) that posterior tibial nerve stimulation improves bowel management for those with incomplete SCI. 39 Although preliminary results for posterior tibial nerve stimulation seem promising, it is important to note that the statistical significance of the improvements in clinical and physiological parameters were not reported and the study involved only two subjects. 39 Level 4 evidence also exists for the use of functional magnetic stimulation on the thorax and lumbosacral nerves (simulation placed at T9 and L3 spinal processes) to reduce colonic transit times and selfreported symptoms of constipation.
40
Pharmacological agents Ten studies (aggregate N ¼ 199) evaluated the effect of treatment strategies using pharmacology to enhance bowel management ( Table 9 ). [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] These studies addressed the chronic constipation after SCI and used agents to promote transit through the GI tract. Of all the bowel management literature, studies involving pharmacological agents had the highest quality with 6 of the 10 studies being small, but good-quality RCTs (PEDroX6).
There is Level 1 evidence (from two RCTs) 41, 42 and Level 2 evidence (from one RCT) 43 that cisapride significantly reduces colonic transit time for chronic constipation. There is also Level 1 evidence (from one good-quality RCT) 44 that prucalopride increases stool frequency, improves stool consistency, and decreases GI transit time. Prucalopride is a novel, highly selective serotonin receptor agonist with enterokinetic properties that facilitate cholinergic and excitatory non-adrenergic, non-cholinergic neurotransmission. 44 There is Level 2 evidence (from one controlled trial, which was not randomized; N ¼ 20) 45 that intravenous administration of metoclopramide corrects impairments in gastric emptying. Metoclopramide is a potent dopamine receptor antagonist with prokinetic properties and Segal et al. 45 found that impaired gastric emptying is correlated with decreased drug absorption. There is Level 1 evidence (from two good-quality RCTs) 46, 47 in support of the use of neostigmine (a reversible cholinesterase inhibitor) or the combination of neostigmine and glycopyrrolate. When administered intravenously, Korsten et al. 46 found both neostigmine and the combination of neostigmine/glysopyrrolate to improve stool expulsion over normal saline. Similarly, Rosman et al. 47 found the combination to reduce total bowel evacuation time over placebo injections. There is Level 1 evidence (from one good-quality RCT with 71 participants) that fampridine (selective potassium channel blocker) can increase the number of days with bowel movements in approximately one-fifth of the subjects. 48 Surgical treatments Implantation of electrical stimulation systems. Nine studies (aggregate N ¼ 137) evaluated the effects of surgical implantation of electrical stimulation systems (Table 10) . [51] [52] [53] [54] [55] [56] [57] [58] [59] There is Level 2 evidence (from one prospective, non-randomizedcontrolled trial) 51 that supports the use of sacral anterior root stimulation to reduce severe constipation in complete injuries. Binnie et al. 51 had found that an implanted Brindley stimulator did not reduce oro-cecal time for individuals with SCI. However, subjects in the stimulator group did experience a significant increase in defecation compared with the SCI group. Furthermore, recent pre-post studies using sacral nerve root stimulation yielded improvements in bowel function, including the ability to evacuate spontaneously, 52 55 Gstaltner et al. 55 found an improved fecal continence, quality of life, and deliberate retention of feces in all subjects.
There is Level 4 evidence (from one pre-post study with results from only one subject presented) that the Praxis FES system for skeletal muscle stimulation paired with extradural electrodes for bowel and bladder stimulation increases the frequency of defecation and decreases time required for bowel care. 56 Colostomy. A colostomy is the surgical formation of an artificial anus by connecting the colon to an opening in the abdominal wall. SCI patients who receive elective colostomy usually have exhausted all other medical treatments available to them for bowel management. Nine studies (aggregate N ¼ 590) examined the effect of colostomy after SCI (Table 11) . [60] [61] [62] [63] [64] [65] [66] [67] [68] Given the ethical nature of this treatment
(that is few safe options once they reach the point of 60 that colostomy greatly simplifies bowel care routines. There is also Level 4 evidence (from one case study) 63 that colostomy reduces the number of hospitalizations caused by GI problems and improves physical health, psychosocial adjustment, and self-efficacy areas within quality of life. Similarly, Levels 4 and 5 evidence exists (from a post-study and an observational study) that colostomy improves the independence, and thus quality of life, of SCI patients.
67,68
Malone antegrade continence enema and the enema continence catheter. The malone antegrade continence enema (MACE) is an approach using a surgically created entry into the large intestine to irrigate the intestine (see Figure 3) . The procedure involves connecting the appendix to the abdominal wall and making a valve mechanism that allows catheterization of the appendix, but avoids leakage of stool through it, thus forming an appendicostomy. 69 Consequently, a catheter can be introduced to the patient through the stoma and an enema administered. 34 Owing to the wash-out effect and perhaps the stimulated colonic peristaltic, the colon and rectum will empty, thus preventing fecal incontinence and constipation. 34 Four case series (aggregate N ¼ 122) examined the effect of MACE on bowel function (Table 12) . 34, [70] [71] [72] There is Level 4 evidence (from four case series) that MACE successfully treats the neurogenic bowel and patients reported improvements, including improved fecal continence, less time for bowel evacuation, reduced autonomic dysreflexia, and improved quality of life.
34,70-72

Discussion
The management of bowel disorders and, in particular, the constipation that is so common in SCI patients has remained essentially unchanged for several decades. This systematic review, however, has revealed some new areas of promise, including new assistive devices, such as irrigation techniques and electrical stimulation. This review identified 57 studies on neurogenic bowel management strategies. A multifaceted approach is generally the first conservative approach to neurogenic bowel management, which generally includes evacuation schedules, diet, and fluid intake recommendations, as well as digital evaluation. As some form of multifaceted approach is now standard of care, a trial, which does not include some diet/ fluid recommendations, is not ethical. From the results of the three pre-post studies on multifaceted bowel management, it is apparent that the protocols are highly individualized, and, although there is generally a benefit, the results can be varied among participants.
Coggrave et al. 2 reported that digital evacuation was the most common intervention (reported by 56% of the 1334 OM: half-time of gastric emptying, GE patterns in the early and later phases.
1. Mean GE half-time for a liquid meal decreased in the quadriplegic subjects from 104.8 to 18.8 min after treatment.
2. In the paraplegic subjects, a pretreatment mean GE of 111.5 min decreased to 29.1 min.
Abbreviations: CTT, Colonic transit time; GE, gastric emptying; MCTT, mouth to cecum transit time; OM, Outcome measures; PEDro, Physiotherapy Evidence Database; RCT, randomized-controlled trial; SCI, spinal cord injury. OM: number of incontinence episodes, maximum resting and squeeze anal canal pressure, ASCRS QoL questionnaire.
1. 29 subjects showed positive results and underwent permanent implantation. These subjects experienced a significant improvement in QoL.
2. The median number of incontinence episodes significantly decreased.
3. There were statistically significant improvements in maximum resting pressure and maximum squeeze pressure after 12 and 24 months.
Jarrett et al. OM: use of laxatives; number of bowel evacuation methods used; frequency of and time dedicated to bowel movements; constipation; the Wexner score.
1. After implantation, fewer patients took laxatives (10 versus 13) and patients used less methods to evacuate bowel (1.5 versus 2.1).
2. The frequency of bowel movements increased (10 versus 6 subjects had bowel movements every day) and time dedicated to bowel movement decreased (11 versus 9 subjects dedicated o30 min).
3. Constipation decreased (7 versus 11); incidence of fecal incontinence increased (18 versus 16), but the mean Wexner score decreased (4.6 versus 5.2).
Johnston et al.
56
; USA; Downs and Black score ¼ 14; pre-post; N ¼ 3; however, only 2 had neurogenic bowel outcome measures and results presented only for 1 Population: age range: 17-21 years; level of injury: T3-T8, complete.
Treatment: stimulation of skeletal muscles for upright mobility. Two subjects also received extradural electrodes for bowel management.
OM: rectum and anal sphincter pressures, quantity of stool passed, bowel evacuation time, and evacuation satisfaction.
1. Stimulation at S3 increased anal sphincter and rectal pressure. 2. Daily use of stimulation significantly improved bowel management with increased frequency of defecation, decreased amount of time required for bowel evacuation, and improved satisfaction.
Chia et al. Treatment: implantation of anterior sacral roots electrodes.
OM: bowel frequency, laxative use, suppository use, need for digital evacuation, anorectal monometry.
1. 6 patients had improved bowel function; 4 were able to evacuate spontaneously after stimulation.
2. The 6 patients with improved bowel routine also showed a positive rectoanal pressure difference immediately after stimulation.
Kachourbos and Creasey 2000; 53 USA; Downs and Black score ¼ 12; pre-post; N ¼ 16 Population: patients with a history of bowel complications.
Treatment: implantation of sacral roots electrodes (S1-S3) with rhizotomy.
OM: bowel program times; QoL, occurrence of autonomic dysreflexia due to bowel.
1. Bowel program times were reduced from 5.4 h per week to 2.0 h. 2. Subjects had an overall improvement in QoL.
3. Autonomic dysreflexia due to bowel was eliminated.
Gstaltner et al.
55
; Austria; Downs and Black score ¼ 11; pre-post; N ¼ 11 Population: mean age: 46 years; level of injury: NA.
Treatment: implantation of sacral roots electrodes.
OM: the Wexner Score for fecal continence; QoL.
1. Five subjects had permanent implantations. 2. Improved fecal continence, deliberate retention of feces, and perianal sensitivity in all five subjects.
3. Improved quality of life.
MacDonagh et al. Treatment: implanted Brindley-Finetech intradural sacral anterior root stimulator.
OM: full defecation. participants with SCI). One study 25 showed that digital rectal stimulation increases peristaltic waves in the left colon, thus increasing motility in this segment. Gastrocolonic and anorectal reflexes can be successfully incorporated into a bowel routine for individuals with SCI. It is well known that after breakfast, a gastric distention can activate bowel motility and morning defecation. 73, 74 Furthermore, digital anorectal stimulation has been shown to be useful in bowel evacuation after SCI 75 and is potentially useful in bowel management after SCI. At least, in part, an anorectal colonic reflex that results in enhanced contractions of the descending colon and rectum may contribute to bowel evacuation in individuals with SCI. Stimulation through abdominal massage seems to have some positive outcomes on colonic function, thus controlled trials are feasible for this intervention and need to be performed. Conservative treatment may also include diet, although the study by Cameron et al. 24 sends a cautionary message that dietary fiber may have different effects in people with SCI compared with able-bodied persons. Adding more fiber alone does not improve bowel function; however, more research is needed to assess its effectiveness. Clinical experience shows that despite their best efforts, some persons with SCI are unable to achieve an effective, regular bowel routine and thus, other methods may be explored. The one large, multisite RCT showed that transanal irrigation reduces time spent on bowel management, dependency on others for help, and the frequency of defecation-related symptoms (that is abdominal pain, anorectal pain, nausea). 30 In addition, transanal irrigation seems to alleviate fecal incontinence and constipation more so than conservative bowel management. 30 Pulse water irrigation is another promising technique and consists of supplying intermittent, rapid pulses of warm water into the rectum to break up stool impactions and to stimulate peristalsis. 29 Pulsed irrigation evacuation is a safe and effective method for individuals with SCI who develop impactions or do not have an effective bowel routine. 29 Electrical or magnetic stimulation devices can be expensive, and are not readily accessible to patients. These devices generally have weak evidence. The exception was the stimulation, which used an abdominal belt with embedded electrodes and resulted in reduced bowel time. 35 Often, medication is considered a later resort (although before surgery), with its use reserved for persons with severe constipation and where modification of the conservative bowel program has failed. Prokinetic agents are presumed to promote transit through the GI tract, thereby decreasing the length of time needed for stool to pass through the intestines and increasing the amount of stool available for evacuation. Pharmacological studies were high-quality (good-quality) RCTs, with positive results for cisapride, prucalopride, metoclopramide, neostigmine (administered both with and without glycopyrrolate), and fampridine; however, both cisapride and prucalopride are not currently available in either Canada or the USA because of adverse side effects. Chemical rectal agents (suppositories) are used commonly by persons with SCI to maintain or enhance a successful bowel management program. The glycerin suppository is a mild local stimulus and lubricating agent. Bisacodyl (dulcolax) is an irritant that acts directly on the colonic mucosa producing peristalsis throughout the colon. The most commonly used laxative suppositories contain 10 mg of bisacodyl powder distributed within a hydrogenated vegetable-oil base. 19 However, polyethylene glycol-based suppositories seem to be more effective than those in hydrogenated vegetable oil-based bisacodyl supporities. [20] [21] [22] As conservative or pharmacological management of neurogenic bowel dysfunction is successful in 67% of the SCI population, 76 surgical interventions provide an option for those with severe chronic constipation or when conservative management fails. Surgical interventions, such as implantation of electrodes, colostomies, and the MACE procedure, are options to treat chronic severe constipation when conservative management is ineffective. Although no studies have determined the best time to reevaluate the effectiveness of conservative management strategies, 1 year post-injury is likely a good time to determine whether surgical interventions will provide better outcomes. 76 Han et al. 77 report that 93% of individuals have a stable bowel management status 12 months post-SCI, and similarly, Lynch et al. 1 report that after 12 months, bowel function does not change significantly with time or age. The outcomes from implanted electrical stimulation techniques (implantation of epineural electrodes for skeletal muscle activation, and implantation of epidural or anterior sacral root electrodes) require consideration, as the participants in these trials are most often individuals who do not respond well to conservative management and/or have a history of bowel complications. 40 Thus, any improvements from this select group might be viewed with encouragement, given their lack of response to other treatments. Owing to the invasiveness of these surgical procedures, control groups were not included in the implanted stimulator studies. However, in the future studies, investigators should be encouraged to randomize participants once implanted with the electrodes into a period of 'on-stimulation' versus 'offstimulation.' Such a design would permit interpretation of potential placebo effects of the surgery and instrumentation.
The need for colostomies and the MACE are often viewed as a failure of rehabilitation services. However, it is of importance to note that colostomy is a safe, effective method of managing severe and chronic GI problems, and perianal pressure ulcers in persons with SCI. Our systematic review shows that colostomies reduce the number of hours spent on bowel care, [60] [61] [62] [63] [64] reduce the number of hospitalizations caused by GI problems 63 and bowel care-related complaints, 60 simplify bowel care routine, 60 and improve quality of life. 62, 63, 67 In addition, many patients wished to have the colostomy performed earlier. 64 As described by Safadi et al., 68 the left colostomy may be preferred because it preserves colic surfaces to absorb water and prevent dehydration; thus, feces are less liquid and discharges less frequently than with right colostomies. Using a decision analysis to examine the optimal treatment for chronic refractory constipation in SCI, Furlan et al. 76 found that the MACE procedure had the best long-term outcomes (reduced complication rates, lower incidence of autonomic dysreflexia, and fitted with patient preferences). As more data becomes available, however, results could change on further critical evaluation of the impact of surgical interventions on the patient's well being.
Conclusion
Multifaceted bowel management programs are the first approach to neurogenic bowel programs and are supported by lower-level evidence (pre-post studies). Often, more than one procedure is necessary for individuals that are unable to develop an effective bowel routine. Digital rectal stimulation is often incorporated within these multifaceted programs and increases motility in the left colon in individuals with SCI. Diet and fluid intake are important components of multifaceted bowel management programs, although there is a need for further research to examine the optimal level of dietary intake in spinal cord injured patients. Transanal irrigation is a promising technique to reduce constipation and fecal incontinence. When conservative management is not effective, prokinetic agents, such as cisapride, prucalopride, metoclopramide, neostigmine, and fampridine, are supported by strong evidence for the treatment of chronic constipation in persons with SCI; however, more research is required on the safety of several of the agents before their regular use. Surgical interventions, such as colostomy, MACE, and implanted stimulators, are not routinely used, although all are supported by lower levels of evidence (prepost studies) in reducing bowel-related complications and improving quality of life. Overall, more intervention trials are needed to assess management programs for neurogenic bowel among individuals with SCI, especially trials involving multiple centers. Ideally, the use of common and validated scoring systems, such as the Neurogenic Bowel Dysfunctions score, and those found in the International Bowel Function data sets will be implemented such that comparison of results and meta-analyses may be conducted to further our knowledge on the treatment and management of neurogenic bowel after SCI.
